Abstract. Laminated polyurethane foam composite was produced by incorporating Cloisite 30B clay as filler and aluminium sheet as the skin. Initially, PU foams were synthesized with reaction of natural oil polyol and isocyanate with ratio of 1:1.1 by weight. Water was used as the blowing agent and appropriate surfactant and catalyst were added to ensure better performance of end product. Cloisite 30B was added as filler and the percentages were varied from 1 to 5 wt%. Al skin was attached at the top and bottom of the foam to increase the stiffness of the composite and improve its mechanical properties. In order to evaluate its impact characteristic, drop weight impact test was done and the drop height was varied from 5 cm to 20 cm. The results showed that there was no pattern that exists in the impact force, but found the results for the control PU foam (PU foam without filler) has a high impact force values at 5cm, 10 cm and 15 cm drop heights. The incorporation of clay particles were found to give lower impact force to the sample, especially at low filler percentage of 1%. It was found that the addition of clay particles has decrease the impact force of PU foam due to brittleness. Besides, the impact force of the laminated composite is higher than PU foam at the same drop height. For laminated composite at 10 cm, the impact force is higher with an average value of 817% as compared to PU foam. This shows that the addition of Al sheets have improved mechanical characteristics of foam and its ability to withstand higher impact force.
Introduction
A major feature of polymer foams is their ability to be tailored to meet particular application requirements. The lighter weight and lower cost compared with solid polymer, and the wide range of properties and fabrication methods available, make expanded materials the first choice for wide variety of uses [1] .
Polymers are foamed by introducing gas bubbles into the liquid monomer or hot polymer, allowing the bubbles to grow and stabilize, and then solidifying the whole thing by cross-linking or cooling [2] . According to Gibson and Ashby [3] , there are three sorts of polymer that are used to make foams: thermoplastics, thermosets and elastomers. The differences between these types of polymers are their chemical chains that affect the basic properties of foam such as crystalline structure, density and glass transition temperature.
Our intention is in producing polyurethane foam that is an extremely versatile group of polymers. It can be produced in wide range of densities, crosslink densities and stiffnesses, from very soft to very hard structure. Ionescu [4] has divides polyurethanes into two main categories that are elastic polyurethanes, e.g., flexible foams, elastomers, coatings, fibres etc., and rigid polyurethanes, e.g., rigid polyurethanes foams, structural foams, wood substitutes, etc.
One of the ways to using polymer foams is to make it as a laminated by using the foam as the core. The laminated concept is based on two main ideas: increasing the stiffness in bending of a beam or panel and doing so without adding excessive weight [5] . Laminated panels are often used in applications where weight-saving is critical, e.g., in aircraft, portable structures and in sports equipment. Additionally, skins or face materials that is commonly used are aluminium or fibre-reinforced composites [3] .
Methodology

Preparation of laminated foam
Cloisite 30B was dehydrated in an oven at 80ºC for 24 hours. Polyurethane/clay foams were prepared by mixing clay with one monomer, which is polyol by a high shear mixer at 5000 rpm speed. The percentages of clay were varied from 1 to 5 percent by weight. Catalyst and surfactant were added with polyol after it was first mixed with clay. Excess isocyanate was used to assure the complete reaction of polyol. To produce laminated composite, aluminum sheet with 0.5mm thickness were used as skin while a mixture of Epikote 828 and Epikure F205 at 1:2 by weight was used as adhesive to adhere the skin with polyurethane/clay foam.
Impact test
Impact test was conducted to see the ability of foam when subjected to impact force from the vertical direction. The analysis was performed at the physical laboratory, Universiti Sains Malaysia (USM) in which the sample used is the same as the sample dimensions for flexural test. Testing was done by placing the sample on two supports and the impactor was dropped from a predetermined height, following to ASTM D5628. Two types of samples were tested which are PU foam and laminated composite Al-PU foam. Data obtained in newton (N) and it was analyzed using DEWESoft version 6.5. Fig. 1 shows the layout of the test.
Fig 1. Schematic diagram of drop weight impact test
The data obtained were in graphs Hertz (Hz) against force (N). Piezoelectric materials were used to detect the compressive force as soon as the impactor hit the sample surface. Due to high sensitivity of this device, the graph that was obtained has a lot of interference patterns. Therefore, impact force was determine by evaluating the highest force peak as shown in 
Results and Discussion
Impact test was conducted to see the sample ability to withstand the forces applied vertically from a specified height in the drop load method. Fig 3. shows the impact force of PU foam samples with different load at drop height of 5 cm, 10 cm, 15 cm and 20 cm. Although the results showed that there was no pattern that exists in the impact force, it was found that the results for control PU foam has a high impact force values for the first three drop heights. The incorporation of clay particles were found to give lower impact force to the sample, especially at low filler percentage of 1%. However, the addition of filler was subsequently found to increase the value of the impact force, and this pattern can be clearly seen especially at 15 cm. Hence, it was found that the addition of clay particles has decrease the impact force of PU foam due to brittleness. Hosur et al. [6] also reported that foamed core phases in the sandwich composite sample produced using carbon woven face fabric / epoxy has experience brittle failure as compared to control foamed core. However, in this study the addition of more clay particles has increased the strength of PU foam and improved the ability to withstand the impact force. Fig 4. shows the impact force of Al-PU foam laminated composite. For this type of sample, only two drop height were examine, which are 10 cm and 20 cm. This is due to the hardness of these samples is higher with the existence of the Al layer, and the difference data can only be seen if the height gap is larger. Indications with the prefix "PUSD" refers to Al-PU foam laminated composite sample, while the number from 0 to 5 at the end of these label refer to the percentage of filler included in the PU foam which acts as the core material.
Fig 4. Impact force for laminated composite Al-PU foam at different drop heights
At 10 cm, the impact force for control PU foam is higher than laminated composite with clay filler. This indicates that the presence of Al sheets as a composite skin did not influence the pattern of impact force of PU foam, similar to results in Fig. 3 .
However, at 20 cm, the impact force of the laminated composite with clay foam core is higher than laminated composite with control foam core. This may be due to higher load height, thus increasing the incident impact energy of the sample. Hazizan and Cantwell [7] reported that increase in the incident impact energy is directly proportional to the impact force on polyvinyl chloride (PVC) / rigid polyurethane foam (PUR) indicate a failure on the maximum impact force up to 300 N due to fracture scattering on the composite core.
The difference between the impact force of PU foam composite and Al-PU foam laminated composite can be clearly seen in Fig. 5 . In general, the impact force of the laminated composite is higher than PU foam at the same drop height. For laminated composite at 10 cm, the impact force is higher with an average value of 817% as compared to PU foam. This shows that the addition of Al sheets have improved mechanical characteristics of foam and its ability to withstand higher impact force. For laminated composite at 20 cm, the impact force is up to 543% from the average value of non laminated PU foam. This percentage is lower than impact force at 10 cm due to increasing in altitude and incident impact energy. Thus, the gap between the laminated composite and PU foam is reduced. Incident impact energy is determined by the relation of height of the load, gravity and the weight of the sample used. Although the impact energy was not calculated directly from the value obtained after the samples tested, but it determines the strength of the energy generated when the impactor touch the sample. The density of PU foam is higher when the percentage of clay increases, thus, the weight of the sample shows a similar pattern, where the addition of clay in PU foam increases the sample weights. Therefore, increasing the load height is expected to increase incident impact energy.
Conclusion
Impact characteristics of PU foam and laminated composite Al-PU foam were evaluated in four different drop heights which are 5 cm, 10 cm, 15 cm and 20 cm. It was found that the addition of clay particle in PU foam has decrease the impact force due to increase in brittleness of the composite. However, the addition of Al sheet as the skin has increase the stiffness of the laminate, thus increase the impact force of the composite, as compared to PU foam without skin.
